The CT "sentinel clot sign" has been defined as the highest attenuation hematoma adjacent to a bleeding organ in humans with hemoabdomen. The aims of this retrospective descriptive multicenter study were to describe CT findings in a sample of dogs with surgically or necropsy confirmed intra-abdominal bleeding and determine prevalence of the "sentinel clot sign" adjacent to the location of bleeding. Medical records between 2012 and 2014 were searched for dogs with hemoabdomen and in which the origin of the bleeding was confirmed either with surgery or necropsy. Retrieved CT images were reviewed for the presence and localization of the "sentinel clot sign," HU measurements of the "sentinel clot sign" and hemoabdomen, and presence of extravasation of contrast media within the abdominal cavity. Nineteen dogs were included. Three dogs were excluded due to the low amount of blood that did not allow the identification of a "sentinel clot sign." A "sentinel clot sign" was detected in the proximity of the confirmed bleeding organ in 14/16 (88%) of the patients. The mean HU of the "sentinel clot sign" was 56 (range: 43-70) while that of the hemoabdomen was 34 (range: 20-45). Active hemorrhage was identified as extravasation of contrast medium within the peritoneal cavity from the bleeding organ in three dogs. In conclusion, the CT "sentinel clot sign" may be helpful for identifying the source of bleeding in dogs with hemoabdomen. C 2016 American College of Veterinary Radiology.
Introduction
A CCUMULATION OF BLOOD WITHIN the peritoneal space is defined as hemoabdomen, which could be traumatic or nontraumatic in origin. 1 Common causes of traumatic hemoabdomen in dogs include road traffic accident or puncture wounds with bleeding being secondary to ruptured intraabdominal organs such as spleen and liver or important abdominal vessels. 1, 2 Nontraumatic hemoabdomen, also called spontaneous hemoabdomen, is usually secondary to malignant neoplasia with hemangiosarcoma being more frequent. 1 Other causes of nontraumatic hemoabdomen in dogs include other types of intraabdominal neoplasia, coagulopathies, gastric dilatation and From the Diagnostic Imaging Service (Specchi, Auriemma, Morabito), and Internal Medicine Service (Ferri, Zini) of the Istituto Veterinario di Novara, Granozzo con Monticello, NO, Italy, the Clinica Veterinaria dell'Orologio, BO, Italy (Rossi, Pey), Antech Imaging Services, Irvine, CA, 92614 (Pey), and the Centro Diagnostico Veterinario TAC Luni Mare, Luni Mare, Ortonovo SP, Italy (Piola, Rossi).
volvulus, liver lobe torsion, and splenic torsion. 3 A rapid, noninvasive method for accurately localize the source of bleeding would be helpful for surgical planning in affected dogs.
In humans, CT has been demonstrated to have high sensitivity for detection of small sources of bleeding in the peritoneal cavity. 4 Computed tomographic features such as localized blood clot, active arterial extravasation, and mesenteric hyperattenuating triangular fluid collection help the radiologist to locate sources of intraperitoneal hemorrhage in order to choose the best treatment. 5 Attenuation measurement of the abdominal fluid allows one to make a distinction between different types of effusion and hence between different phases and aging of the bleeding. 5, 6 Fluids having density similar to water (bile, urine, intestinal content) have been reported to have Hounsfield Units (HU) that range from to 0 to 15. 5 Blood has higher attenuation than watery-dense fluids with unclotted extravascular blood usually being 30-45 HU while the attenuation of clotted blood ranges from 45 to 70 HU. 5 Evaluation for the presence and location of the "sentinel clot sign" is based on the quantification of HU of the abdominal fluid in order to identify which organ is bleeding. The highest attenuating Vet Radiol Ultrasound, Vol. 58, No. 1, 2017, pp 18-22. hematoma is expected to be close to the site of bleeding, whereas lower attenuating unclotted blood is located farther from the source. 6 Clotted blood has a different CT appearance than lysed blood clot or free-flowing blood because of greater density and hemoglobin content and the highest attenuation hematoma, also called "sentinel clot sign," is the one nearest to the source of bleeding. 5, [7] [8] [9] In veterinary medicine, a Focused Assessment with Sonography in Trauma scan has been used to evaluate and monitor the presence of hemoabdomen in patients with blunt abdominal trauma, but nothing has been reported regarding the use of the CT for determining the source of bleeding. 10 The aims of the current study were to describe CT findings in a sample of dogs with surgically or necropsy confirmed intra-abdominal bleeding and determine prevalence of the "sentinel clot sign" adjacent to the location of bleeding.
Materials and Methods
This was a retrospective, descriptive, multicenter study design. Surgical report databases of the Clinica Veterinaria dell'Orologio, the Centro Diagnostico Veterinario TAC Luni Mare, and the Istituto Veterinario di Novara were reviewed to identify dogs with traumatic and nontraumatic hemoabdomen that underwent surgical intervention or necropsy from 2012 to 2014. Dogs were included if at least precontrast abdominal CT was performed and if the origin of the bleeding was confirmed with surgery, necropsy, or active extravasation of contrast media within the peritoneal cavity on the multidetector CT (MDCT) angiographic images.
Images from each institution were independently reviewed by the on-site board-certified veterinary radiologist (S.S. for the Istituto Veterinario di Novara, F.R. for the Clinica Veterinaria dell'Orologio, V.P. for the Centro Diagnostico Veterinario TAC Luni Mare) using a commercial DICOM viewer (OsiriX, Pixmeo SARL, Bernex, Switzerland). The following criteria were evaluated: presence of the "sentinel clot sign" (defined as a focal area of increased attenuation in the free peritoneal blood), 5 localization of the sign based on the most adjacent organ, Hounsfield (HU) measurements of the median attenuation values and ranges of the "sentinel clot sign" and hemoabdomen, and presence of extravasation of contrast media within the abdominal cavity (defined as presence of high attenuating heterogeneous material in proximity of the sentinel clot sign on the postcontrast images). 5 For evaluation of the HU of the "sentinel clot sign" and hemoabdomen, observers traced two regions-of-interest (ROI), as large as possible, one on the presumed blood clot and the second one on the free abdominal fluid. Measures were performed once for each patient by the on-site radiologist.
Results
Nineteen dogs met the inclusion criteria, two from the Centro Diagnostico TAC Luni Mare, eleven from the Clinica Veterinaria dell'Orologio and five from the Istituto Veterinario di Novara. Mean age was 11 years (range from 5 to 15). Three dogs were excluded from further analyses due to an insufficient amount of hemoabdomen for detection of a "sentinel clot sign." Therefore, the prevalence of the "sentinel clot sign" for dogs presented for hemoabdomen at these three hospitals was 16/19 (84.2%). There were two neutered males, six intact males, six neutered females, and two intact females. Breeds included five mixed breed dogs, two Labrador Retrievers and one of the following: German Shepherd, German Shorthaired Pointer, Cocker Spaniel, Boxer, Brittany Spaniel, Cane Corso, Belgian Shepherd, and Chihuahua.
All dogs had been imaged with a MDCT scanner within 24 h of the time of detection of abdominal bleeding. Studies were performed either with a 16-row MDCT unit (Clinica Veterinaria dell'Orologio-Light Speed 16 slices, GE Medical Systems, Milan, Italy), with a 4-row MDCT unit (Istituto Veterinario di Novara-Light Speed, GE Medical System, Bergamo, Italy), or with a 2-row MDCT unit (Centro Diagnostico TAC Luni Mare-High Speed MXI, GE Medical Systems, Milan, Italy). Animals were anesthetized with varying protocols and placed in ventral or dorsal recumbency on the CT table. Positive pressure ventilation was employed prior to image acquisition to prevent motion artifacts. At the Centro Diagnostico TAC Luni Mare, images were acquired in helical scan mode, with a pitch of 1.5, slice thickness of 3 mm, 0.7 s tube rotation time, 120 kV, and 160-200 mAs. Contrast-enhanced images were obtained using a dosage of 450 mgI/kg of ioversol (Optiray, Mallinckrodt Pharmaceuticals, Segrate, Italy). At the Clinica Veterinaria dell'Orologio, images were acquired in helical scan mode, at 120 kV and 160-210 mAs tube settings, a pitch of 0.562:1 and 1.25 mm slice thickness with 50% overlap with a 0.7 s rotation time and reconstructed with a nonenhancing nonsmoothing algorithm. At the Istituto Veterinario di Novara, images were acquired in helical scan mode, at 120 kV and 200-220 mAs tube settings, using a pitch of 1.5, 1.25 mm slice thickness and a speed acquisition of 7.5 mm/s. In both institutions, contrast-enhanced images were then obtained using a dosage of 640 mg I/kg of iodixanol (Visipaque 320, GE Medical Systems, Milan, Italy) injected into a cephalic vein with a power injector (Medrad Italia, Cava Manara, Italy) through an IV catheter.
The "sentinel clot sign" was detected in the proximity of the bleeding source as confirmed with surgery or necropsy in 14 of 16 (87.5%) dogs (Fig. 1) . Detailed descriptions of the presence and localization of the "sentinel clot sign," HU values of the hemoabdomen and of the "sentinel clot sign" and the origin of the bleeding according to surgery or necropsy or based on extravasation of contrast media on MDCT angiographic images are reported in the Supporting Information. All dogs except one had a nontraumatic origin of the hemoabdomen. The median attenuation of the "sentinel clot sign" was 56 (range from 43 to 70) while that of the hemoabdomen was 34 (range from 20 to 45) with little overlap between the two ranges (Fig. 2) .
After identification of the sentinel clot sign on the precontrast images, active bleeding was identified on postcontrast CT images by the presence of a serpiginous or amorphous highly attenuating area originating from an organ parenchyma, consistent with leakage of contrast media within the peritoneal space from the bleeding organ. Active bleeding in the center of the "sentinel clot sign" was detected on MDCT angiography in three patients that had extravasation of contrast media within the peritoneal cavity from the bleeding organ (Figs. 3 and 4) . These patients had concomitant "sentinel clot sign" on the precontrast images.
Discussion
The current study demonstrated that prevalence of the MDCT "sentinel clot sign" was high for a multicenter sample of dogs with confirmed hemoabdomen and that the sign accurately localized the origin of the hemoabdomen in the majority of dogs. In our group of dogs, HU ranged from 43 to 70 for the "sentinel clot sign" and from 20 to 45 for the hemoabdomen. These values were similar to those previously reported in humans. 5 Hemoabdomen can usually be distinguished from other fluid due to its higher attenuation value. Fluids that have similar attenuation as water have HU values that range from 0 to 15 HU. 5 The HU of the hemoabdomen is influenced by the hematocrit of the patient and the attenuation value of the blood may decrease in patients with hemorrhage that persist more than 48 h. 6 The extension of the bleeding and the localization have been also reported as factors affecting the attenuation values of the hemoabdomen. 5 We did not evaluate the hematocrit of our patients and future prospective studies are necessary to identify a possible correlation between the HU of the hemoabdomen and the hematocrit in dogs.
No contrast enhancement of the "sentinel clot sign" is expected on the postcontrast study. If there is progressive increased attenuation of the "sentinel clot sign" on postcontrast images, even if contrast media extravasation is not observed, active bleeding or inclusion in the ROI of vascularized tissue should be suspected. Based on this, the evaluation of the HU of the "sentinel clot sign" should be performed with a ROI that quantifies the HU rather than only subjective visual interpretation of the radiologist. In a previous study, attenuation values of extravasated contrast material ranged from 85 to 370 HU, with a mean of 132 HU.
11
Multiple sentinel clot signs or multiple sites of bleeding at surgery/necropsy were not identified in our cohort of dogs. Further studies are needed to assess the utility of "sentinel clot sign" in preoperative CT of patients with multiple abdominal bleeding sites. As reported in humans imaging There is irregular appearance of the cranio-ventral margin of the liver on the 3D volume-rendering image with focal accumulation of contrast medium in the peritoneal space adjacent to it (asterisk on images A and B). This is consistent with active extravasation of contrast media secondary to rupture of the liver parenchyma. It is surrounded by a nonenhancing "sentinel clot sign" (image A, arrow heads). On the oblique MIP image the hepatic vessel responsible for the active extravasation is identified (white arrows). research, many cases of hemoabdomen can be nonsurgically managed with excellent results, but CT evidence of extravasation of contrast media suggests active bleeding and need for urgent surgical treatment or embolization. [11] [12] [13] [14] [15] Additional studies are needed to understand the role of CT in assisting choice between surgical versus conservative treatment in dogs with hemoabdomen, in particular in those with traumatic cause.
In the present series, 11 out of 16 dogs with hemoabdomen had a splenic mass. This finding is consistent with a previous report showing that splenic hemangiosarcoma is the most common cause of spontaneous hemoabdomen in this specie. 1 Three dogs had too little free fluid and no "sentinel clot sign." As reported by others in humans, this represents a diagnostic limit of the CT. 6 Therefore, radiologists cannot benefit from the presence of "sentinel clot sign" in the search of the bleeding organ in patients with a small amount of hemoabdomen.
There are some limitations in this study. In dogs with ruptured hemangiosarcoma a complete differentiation between pure clot and neoplastic tissue was not possible and radiologists may have included neoplastic tissue within the ROI. Given the retrospective nature of the study, comparison between gross anatomy and images was not achievable to help differentiate between neoplastic tissues and normal parenchyma or clot. In dogs that underwent necropsy, it was not possible to identify active bleeding, but only the presence of the clot and ruptured organ. Finally, blinding of the examiners was not possible because the evaluation of CT images was performed by the on-site radiologist that was aware of the final diagnosis.
In conclusion, the "sentinel clot sign" was visible in the majority of computed tomographic studies in this cohort of dogs with hemoabdomen and it was adjacent to the bleeding organ in most of our cases (confirmed at surgery or necropsy). Furthermore, we described for the first time extravasation of contrast media in the center of the clot during MDCT angiography as a CT sign of active bleeding. Identification of the "sentinel clot sign" may help in recognizing the origin of abdominal bleeding and special attention should be drawn to detect this feature if organ rupture is suspected in dogs with hemoabdomen. 
